Experimental

Materials
MIL-101 was prepared and purified as described in detail in 1 .
Preparation of monoliths
Monoliths of 3.67 mm diameter were prepared from a known mass of MIL-101 powder in a cylindrical die of 3.67 mm, compressed with a manual hydraulic press by fine adjustment of the anvil height to control the penetrating depth of the stainless steel punch. The envelope densities of the pellets were calculated from their degassed mass measured after the p-c-T experiments, when all the water content is lost during the activation 20 h at 220 º C in vacuum down to a residual pressure of 2x10 -5 mbar.
Characterization
X-ray diffraction patterns:
The powder XRD analyses were performed with a Bruker D8
advanced diffractometer with Cu Kα radiation (40 kV, 40 mA).
Low-pressure N 2 BET measurements: Specific surface area measurements at 77 K were carried out using Quantachrome Autosorp-1 MP instrument with N 2 gas using optimized protocols, the MIL-101 compressed pellet and powder samples were priorly degassed at 490 K for overnight. The adsorbed amount is reported in wt% which is defined as mass of hydrogen m ads (absolute uptake) per mass of the system, which consists of the sample mass m S and the adsorbed hydrogen.
Hydrogen uptake (wt%) = m ads / (m s + m ads ) *100
Sample characterization
The PXRD patterns for MIL101 powder, compressed pellet and ground pellet are presented in 
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BET calculation
The specific surface area (SSA) is an important characteristic for microporous materials, which is typically determined from adsorption of nitrogen, argon or carbon dioxide. In order to determine the appropriate BET pressure range for microporous materials, n ads (1  p/p 0 ) in the chosen pressure range always increases with p/p 0 as suggested by Rouquerol et al 5 ( figure   S2~S5 , SI). Please note that P is absolute pressure and P 0 is hydrogen liquefaction pressure at 19.5 K, 1 bar.
SI figure S2. a) hydrogen adsorption (closed symbol) / desorption (open symbol) isotherms at
19.5 K for powder MIL101. b) n(1-(P/P 0 )) vs P/P 0 , Only the range between P/P 0 = 0.02-0.1 satisfies the criterion for applying the BET theory. c) Linear fit of BET surface area plot
All measurements on pellets after adsorption isotherms showed a contraction of ~1% and the volume of the degassed pellet is 57.90 mm 3 . This gives an envelope density 0.40 g/cm 3 .
Excess volumetric adsorption
"The adsorption volume V a (the space lying within the potential field of the solid) is interpreted as the microporous volume of the adsorbent and not the void volume (V v ) of the adsorbent" and V v is experimentally measured by helium probing or calculated from the bulk and the skeletal density of the adsorbent 6 , where it is pointed out that the part of the V v where negligible adsorption takes place and where the density of the gas is the same then the bulk (V g ) is defined
as:
We as V g available for compressed gas. This is not a negligible volume which might be taken into account to evaluate the total volumetric storage capacity. This results in V sc~2 .33 cm 3 /g specific volume for a "single crystal". The specific skeleton volume measured with helium was V sk = 0.50 ± 0.02 cm 3 /g for powder (skeleton density 1.9
±0.1g/cm 3 ). The sum of skeleton specific volume (V sk = 0.50 cm 3 /g ) and adsorption volume from hydrogen isotherm (1.9 cm
